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(1) Thioredoxin and thioredoxin reductase

I have identified and characterized a novel thioredoxin system in the aerobic hyperthermophilic
archaeon Aeropyrum pernjx K1. The gene (Accession No. APE0641) of A. pernjx coding a 37-kDa
protein contains a redox active site motif (CPHC) but its N-terminal extension region (about 200
residues) shows no homology within the genome database. The gene (APEI061) having high homology
to thioredoxin reductase codes a 37-kDa protein with the active site motif (CSVC) and binding

sites for FAD and NADPH. | cloned the two genes and expressed both proteins in E. coli. It was
observed that the recombinant proteins could act as an NADPH dependent protein disulfide reductase
system in the insulin reduction. In addition, the protein (APE0641) and thioredoxin reductase

from E. coli could also catalyze the disulfide reduction. From these results, it was clarified

that APEIO6land APE0641 express thioredoxin (ApTrx) and thioredoxin reductase (ApTR) of A.
pernix, respectively. ApTR is expressed as an active homodimeric flavoprotein in the E. coli system.

The optimum temperature was above 900] , and the half-life of heat inactivation was about 4 min



at 11000 . The heat stability of ApTR was enhanced in the presence of excess FAD. ApTR could
reduce both thioredoxins from A. pernix and E. coli and showed a similar molar specific activity

for both proteins. The standard state redox potential of ApTrx was about [1 262 mV, which was
slightly higher than that of Trx from E. coli (O 270 mV). These results indicate that lower redox
potential of thioredoxin is not necessary for keeping catalytic disulfide bonds and thereby coping
with oxidative stress in an aerobic hyperthermophilic archaea. Furthermore, the thioredoxin system

of aerobic hyperthermophilic archaea is biochemically close to the bacteria.

(2) Thioredoxin peroxidase

A gene (APE2278) encoding the peroxiredoxin (Prx) homologous protein of yeast and human was
identified in the genome database of the aerobic hyperthermophilic archaeon Aeropyrum pernix.
I cloned the gene and produced the encoded protein in E. coli cells. The isolated recombinant
protein showed peroxidase activity in vitro and used the thioredoxin system of A. pernix as an
electron donor. These results indicate that the recombinant protein is in fact thioredoxin
peroxidase (ApTPX) of A. pernix. Immunaoblot analysis revealed that the expression of ApTPx was
induced as a cellular adaptation in response to the addition of exogenous H202and may exert an
antioxidant activity in vivo. Analysis of the ApTPx oligomers by HPLC and electron microscopic
studies showed that ApTPx exhibited the hexadecameric protein forming twofold toroid=shaped
structure with outer and inner diameters of 14 and 6 nm, respectively. These results indicated
that ApTPx is a novel hexadecameric protein, composed of two identical octamers. Although
oligomerization of individual subunits does not take place through an intersubunit disulfide
linkage involving Cyss0and Cys?13, Cys%0 is essential for the formation of the hexadecamer.
Mutagenesis studies suggest that the sulfhydryl group of Cys® is the site of oxidation by peroxide
and that oxidized Cys® reacts with the sulfhydryl group of Cys23 of another subunit to form an
intermolecular disulfide bond. The resulting disulfide can then be reduced by thioredoxin. In
support of this hypothesis, ApTPx mutants lacking either Cys®0 or Cys213 showed no TPx activity

whereas the mutant lacking Cys207 had a TPx activity.

(3) DNA ligase

A gene encoding for a putative ATP-dependent DNA ligase from the aerobic hyperthermophilic
archaeon Aeropyrum pernix K1 was cloned and the biochemical characteristics of the resulting
recombinant protein was examined. The gene (Accession No.APE1094) from A. pernix coding a
69-kDa protein showed a 3901 61% identity with other ATP-dependent DNA ligases from the archaea.
Normally DNA ligase is activated by NAD* or ATP. There has been no report about the other



activators for DNA ligase. The recombinant ligase was a monomeric protein and catalyzed strand
joining on a singly nicked DNA substrate in presence of ADP and a divalent cation (Mg2+, Mn2+, Ca2+
and Co?*) at high temperature. The optimum temperature and pH for nick closing activity were above
700 and 7. 5, respectively. The ligase remained stable for 60 min of treatment at 100 [0, and the
half-1life was about 25 min at 110 0. This is the first report of a novel hyperthermostable DNA ligase

that can utilize ADP to activate the enzyme.
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